Now-a-days, many industries are starting to rely on the renewable energy sources as the alternate energy sources due to the hazardous emissions that can cause the negative consequences on the environment. An electrochemical device, Fuel Cell which produces electrical energy directly from the chemical energy is used. This paper discusses about PEM fuel cells due to their high efficiency and reliability among the several types of Fuel Cells. The mathematical model for 500W PEM Fuel Cell is developed and analyzed under static and dynamic conditions. Finally, transient response of PEM Fuel Cell is presented. For improving the efficiency of PEM Fuel Cell, MPPT algorithm is implemented.
INTRODUCTION
A fuel cell is a device that generates the electrical energy from the chemical energy through a chemical reaction with oxidizing agent. To produce electricity, a fuel cell combines hydrogen and oxygen. The similarity of battery and fuel cell is both convert the energy produced from chemical energy into a usable electric power. The difference between them is the fuel cell produces electricity as long as fuel is supplied and never losing its charge. The promising technology, the fuel cell is the source of heat and electricity for buildings and as an electrical power. The release of energy from the chemical reaction between hydrogen and oxygen is the basic principle of the fuel cell. At the anode of an electrolyte, the electrons are released by the ionization of hydrogen gas and H + ions are generated.
At the cathode, the water is formed by the reaction among the oxygen, electrons from the electrode and H + ions from the electrolyte.
(2)
For the continuous reactions, electrons must transfer from the anode to the cathode through an electrical circuit and also H + ions must transfer through the electrolyte. Figure 1 shows the electron and proton transfer flow of the PEMFC through load and through the electrolyte respectively.
Fig 1: Reactions in the PEMFC

MATHEMATICAL MODELING OF PEMFC
The static and dynamic model of PEMFC is developed for power generation application. The mathematical modeling is done by electrochemical equation that is based on the operational parameters of PEMFC. The selected model is simulated using MATLAB/SIMULINK and it is used to analyze the VI characteristics and transient response of the fuel cell. 
STATIC MODEL OF PEMFC
The ideal voltage is the maximum voltage that each cell in the stack can produce at a given temperature with the partial pressure of the reactants and products known. E nerst equation is represented as (5)
Activation Overvoltage
The activation over voltage is the voltage drop due to the activation of anode and cathode .It can be calculated as: (6) where i represents parametric coefficients for each cell model, whose values are defined based on theoretical equations with kinetic, thermodynamic, and electrochemical foundations .C 02 is the concentration of oxygen in the catalytic interface of the cathode mol/cm, determined by (7)
Ohmic Voltage Drop
This loss occurs due to the electrical resistance of the electrodes and the resistance to the flow of ions in the electrolyte. It is given by (8) where Rc represents the resistance to the transfer of protons through the membrane, usually considered constant and R m is (9) is the specific resistivity of the membrane for the electron flow ( cm), A is the cell active area cm and l is the thickness of the membrane (cm), which serves as the electrolyte of the cell.
Concentration Loss
This is due to the change in concentration of reactants at the surface of the electrodes as the fuel is used causing reduction in the partial pressure of reactants, resulting in reduction in voltage given by (10) The consumption of more fuel reduces the concentrations of hydrogen and oxygen at various points in the PEM fuel cell gas channels and increases the concentrations of these reactants at the input of the stack.
DYNAMIC MODEL OF PEM FUEL CELL
Under sudden change in load current, the dynamic model is used to predict the transient response of the cell voltage, hydrogen/oxygen outflow rate and cathode and anode channel temperatures/pressures. In this model, the charge double layer capacitance is a function of the electrode and individual stack properties. The voltage formed due to this charge double layer will take some time to respond to sudden change in the current. When the current is increased by sudden increase in the load, there is an immediate drop in the output voltage due to the ohmic resistance of the cell. The equivalent circuit for the PEMFC is shown in the figure 2 based on the consideration of the capacitive effect.
Fig 2: Equivalent cirucit for PEMFC
where R w , R act and R con are ohmic,activation and concentration resistance respectively and C is the capacitance due to double layer effect. The dynamic behaviour is based on the following equations P H2 (11) P o2 (12) where P H2 , P o2 represents partial pressure of hydrogen and oxygen, q H2 , q o2 represents flow rate of hydrogen and oxygen, K r is constant and I is the stack current.
MPPT ALGORITHM FOR PEM FUEL CELL
In order to improve the efficiency of the PEMFC generation system, PEMFC stack should be controlled to generate maximum power with optimization of the fuel consumption. In most situations, it is actually undesirable to operate at a maximum power because normally the fuel efficiency is at best 50%. By applying MPPT, the situation can be solved because MPPT aims at reaching the MPP at different fuel flow rates. Due to its simplicity, the P&O algorithm is the most commonly used MPPT method. Figure 3 shows the flow chart for P&O MPPT algorithm. In the P&O MPP algorithm, the principle is to provoke perturbation by altering the PWM duty cycle command and observe the PEMFC's output to operate near the maximum point. If the power increases due to perturbation then the perturbation will remain in the same direction or otherwise it is reversed. 
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FUEL CELL SIMULATOR
Fuel cell simulator is developed by using PEM fuel cell equivalent circuit. FC simulators are a key role in the development of FC power electronics. The main reasons of a FC simulator are the cost of FC stacks, startup time, hydrogen storage, and other considerations such as facilities and safety standards. In order to run a FC stack, additional equipment is required (tanks, pumps, pressure regulator, etc). The size of the auxiliary equipment is related to the size of the FC stack and the associated cost and space can be excessive. Thus, flexible affordable FC simulators are required to assist the development and testing of FC power electronics.
SIMULATION RESULTS
By using MATLAB for mathematical modeling, the VI characteristic is obtained for the following values as in the table1. The number of cells connected in series is varied based on the requirement of the voltage values. 
Fig 7: Output Voltages for fuel cell stack
The transient response of the PEMFC is shown in the figure 8. It can be observed that the output voltage is dropped and current increased when the load is increased. 
CONCLUSION
In this paper, mathematical model is developed to simulate static and dynamic response of PEMFC. The VI characteristics of the fuel cell are obtained for different voltages. By using the electrochemical equations, the dynamic response is analyzed. The transient response of the fuel cell is used in the application of power generation. The maximum power is achieved by using P&O MPPT technique. The flexible fuel cell simulator is developed by considering its equivalent circuit.
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